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FLIGHT TESTS OF EOCEET-POWEEED "TIN -CAN" MOIEIS 
OF AAF FEOJBCT MX- 80 O 
By Paul E. Purser and David G. Stone 


SDMMAEY 


Fli^t tests were made of six noninstrumented rocks t-povrered 
"Tin -Can" models of AAF Project MX- 8 OO. Telocity and drag data vere 
obtained by use of CW Doppler radar. The existence of stability and 
adeq.uate structural strength for fli^t near zero lift was checked by 
visual and photographic observation. Drag data obtained ditrlng the 
tests agreed reasonably well with estimates based cm e:q>erlmsntal data 
from. NACA EM-2 rocket-poweied drag research models. 


INTRODUCTION 


At the request of the Air Materiel Command'^ Army Air Forces , the 
National Advisory Comnitbee for Aeronautics has made fli^t tests of 
six rocket-powered models of AAF Project MX -800 at the Pilotless Air- 
craft Eesearch Test Station at Wallops Island^ Ta. The purpose of the 
tests was to determine the over-all drag of the MX- 800 . configuraticai 
and to provide a q.ualltative check of the aerodynamic stability and 
structural strength of the models. This report presents the results 
of the fli^t tests of the MX- 80 O models . The tests were made during 
the period August 1, 19^7 to August 1, 19^7* 


SYMBOLS 


M Mach number (T/c) 

T flight velocity, feet per second 

c speed of sound, feet per second 

¥ weight of model, pounds 


2 
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a 


8 

S 

St 

■bjf 

Ct 


At 


Cd 

D 

q. 

“p 

r 


resultant acceleration along fli^t patii# feet per second 
per second 

acceleration of gravity, feet per second per seccaad 

ving area, sq.uare feet ("bj/cvf for wing 2-k-f fig. l) 

tail area, square feet ("bt®t tail 6-8, fig. l) 

total wing span, feet 

total true tail span, feet 

wing chord, feet 

tail chord, feet 


tall aspect ratio 


C^) 


VCt 

drag coefficient f — 

VqS 

drag, pounds 


) 


dynamic pressure 




neutral point, center of gravity for neutral stahillty in 
trimmed flight 


f 11^ t -path angle, measured from horizontal 


MOKEIS 

Fll^t 


The fli^t articles, referred to as "Tin-Can” models, were supplied 
hy the M. W. Kellogg Company, Jersey City, N. J. Drawings of the models 
are presented in figures 1 and 2. Photographs of the nose cap to body, 
wing to body, and tail to body Junctures are shown in figure 3* The 
"Tin-Can" model consists of a cylindrical steel body with an ogive nose ■ 
and having cruciform wings and tails fabricated frcan. duralumin. The 
wings and the two larger tails were symmetrical circular-arc airfoil 
sections approximately 8 -percent -chord thiclc at the root. The two 
smaller tails were similar except that they were 9^ percent thick. As 

shown by figure 2 the wing-section thickness ratio decreased as a function 
of a circular arc frcan a point 3 “percent span outboard of the body to the 
tip. The tail -section thickness ratios decreased similarly from a point 
at about half the exposed span to the tip. 
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The models were painted wititi the following color scheme : 

Body - International Orange 
Wings, Tails, Nose Cap - Green 

to provide contrast with the Blue sky for talcing l 6 -miUiineter color 
pictures of Hie flints. . 

The steel Body serves as the rocket-motor case and the propellant 
consists of a 69 “inch length of the 6 -inch -diameter "Deacon” grain 
developed By Hie Allegany Ballistics LaBoratory of the Hercules Powder 
Coaroany. Static firing tests of the rocket motor showed an average 
thrust of h865 pounds for a Burning ti^ of 2.69 seconds. Detetils of 
the rocket -motor nozzle are shown in figure It- and thrust -time data 
oBtained from a static firing conducted By Hie Allegany Ballistics 
LaBoratory are presented in figure 5* 


Wind Tunnel 

Wind-tunnel models of the MX-OOO were designed and Built at the 
Langley LaBoratory to Be used in oBtaining low -speed staBillty data 

required for planning the fli^t tests. These models were ^scale 

wooden replicas of the "Tin-Can” models and were so made that inter- 
changeaBle parts could Be assembled to form the following configurations: 

Body alone 

Body + Wing 

Body + Wing + Tail no. 2 
Body + Wing + Tail no. If- 

The tunnel is a hO-inch -diameter closed test section installed 
when needed in the air -supply ducting of the Langley Induction aero- 
dynamics laboratory. The test velocity used for the MX -800 models was 
90 feet per second and: the test Eeynolds number was about l80,000 Based 

on the 2 - 73 “inch wing chord of the --scale models- 

A 

The modLel was supported in the tunnel free to trim about various 
center -of -gravity locations, and the neutral point was deteimined as the 
center of gravity behind which the model would not weathercock into the 
wind- A photograph of the model mounted in the test section is shown in 
figure 6 . The neutral points obtained in these tests are shown in 
figure 7 plotted against a tail-effectiveness factor which is approximately 
proportional to the amount of stability contributed by the tall. 


V 


k 
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FLIGHT TESTS 
Program 


The fli^t-test program for the "Tin-Can" models waa so arranged 
that the desired configuration (T^ vith take-off c.g. at 0.?^ M.A.C., 
fig. l) was approached from configurations that the low -speed wind- 
tunnel tests indicated to he more stable. The following table shows 
the order of firing; 


Flight 

miniber 

Model 

number 

i 

Tail 

Center of 
gravity at 
take-off 
(percent 
M.A.C.) 

Low-speed^ 
static 
margin 
( percent 
M .A «C . ) 

Center 0 # 
gravity at 
M = 1 
(percent 
M .A .C . ) 

I,oFvr-speed3 
static 
margin 
( percent 
M.A.CO 

1 

5 

T2 

(large area) 

30 .h 

106.6 

15.0 

122.0 

2 

1 

1 

6 

1 


(medium area, 
hi^ aspect 
ratio) 

39*9 

j 

79*1 

26.9 

82.1 

3 i 

k 

^1 

(medium area, 
low aspect 
ratio) 

40.5 

■ 

60.5 

28 .0 

1 

73.0 

h 

8 

T 4 

(small area) 

42.1 

41.4 

29.8 1 

53.7 

5 

: 3 

1 

Th 

(small area) 

57.8 

25.7 

! 

48.7 

34.6 

6 

i 2 : 

i 

! 

Tl 

(medium area, 
low aspect 
ratio) 

73 .9 

i 

27.1 

i 68 .c 

53*0 


^Determined from figure T and center of gravity at take-off* 
^Determined on basis that center-of-gravity position varies linearly 
frcm take-off to biarnout because of side-burning rocket propellant 
grain. 

SDetermlned from figure 7 and center of gravity at M « 1*0. 


Launching 

The models were ground-launched without boosters at an elevation 
angle of 60° from a short guide-rail launcher* (See fig* 8.) Photo- 
graphic observation pf the launchings and flights was made with the 
following cemereis: 
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(a) Fixed K~2h eierial cameras focused on launcher (hlaclc and white) 

(h) Fixed 35 “millimeter motion-picture . camera focused on launcher 
(hlack and white) 

(c) l6-millimeter motion -picture cameras manually tracked to cover 
flight (color) 


Instrumentation and Data 

The primary instrumentation for the fli^t tests was a CW Doppler 
Telocimeter radar tmit. This radar unit provides velocity-time data 
that are accurate enou^ to allow differentiation for draig computations. 
(See references 1 to 3*) Eadlosonde ohservations made at the time of 
firing provided temperature and static -pressure data for use in converting 
the Doppler velocity and deceleration data obtained during the coasting 
period of fli^t to Mach number and drag coefficient. The conversion fitm 
deceleration to drag coefficient was acconiplished by means of the 
following formula ; 



V(a - g sin y) 

^q. 


■vdiere W is the weight of the model when the propellent is expended. The 
value of V includes the basic model weight , the propellant restrictor 
wei^t, and the steel core of the igniter. The flight-path angle y was 
determined f3rom an SCE-58^ radar record of the fll^t path of model number 5^ 
fli^t-path computations, and take-off pictures obtained with the fixed 
35 -millimeter motion-picture camera. Failure to obtain SCE-58^ records fcr 
T flints introduces an uncertainty in the value of y and thus an uncer- 
tainty in the values of Cp for all models except number f;* This uncertainty 
la of the order of ilO percent of the wei^t, or expressed in terms of Cp ; 


±0.0018 at M = 1.4 
±0.0035 at M = 1.0 


Data presented in reference 4 indicate that errors inherent in the tech- 
nique should provide errors in drag coefficient not greater than the fol- 
lowing : 
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Approximate rolling-Telocity data were obtained by coimting qiiarter- 
revolutions of the models from the timed l6-milllmeter color motion 
pictitres taken with manually tracked caineraa during the flints . 


EESXJLiB AND DISCUSSION 
Drag 


The drag data are pjresented in figure 9« *1310 drag values for tiie 

veirious models are listed as follows in order of decreasing drag: the 

large tall, the intermediate -area tail of high aspect ratio, the 
intermediate -area tail of low aspect ratio, the amai t tail. Figure 9 
also presents a ccaoparison between the measured values of Cjj and those 
estimated from references 1 to 3* Reasonable agreement exists despite 
the differences in .the general smoothness of the MX- 80 O models (fig. 3) 
and the NACA EM-2 drag-research 3 Bodels of references 1 to 3* 

In using the drag data of this report for design purposes, the 
base drag which was not measured in the present tests should be considered. 
Base -pressure data for a body similar to the MX -800 are presented, how- 
ever, in reference 5 » 



i 

! 


i 

I 



Stability and Trim 

The existence of adequate stability for el i the configurations 
flown was evidenced by motion pictures and observers* i-eports, which 
showed that the models flew in relatively straight smooth paths. The 
minimum static margin of stability was about 26 percent of the mean aero- 
dynamic chord based on the low-speed tunnel tests. (See fig. 7 and section 
entitled "FLIGET TESTS.'*) The design configuration, tail number 1, which 
has 71 percent of the wing area and 10^+^ percent of the wing aspect ratio, 
had a TniTiiTmrm static mergin of about 27 percent of the mean aerodynamic 
' chord * 

The models were evidently trimmed longitudinally and directionally 
4 for zero lift, since dxiring the roll which developed in each of the flints, 

the model appeared to roll about its longitudinal axis rather than 
describing a helical path. 
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Approximate roll data obtained frcm the l6-milllmeter color motion 
pictures of the flights indicated the average helix azigles generated by 
the vlng tips to be between 0-6P left and 0.^*^ right.- The constructicm 
tolerances given by the Kellogg Compaxor for the difference in axigular 
settings of c^posito' wing and tail panels were 0-50®. Inspecti<m of 
data supplied by the Kellogg Coo^az^ showed that althou^ two of the 
24 pairs of surfaces exceeded the tolerances sli^tly^ the average differ- 
ences were considerably less than the rates of roll indicated in the tests, 
^e rates of roll developed were am ail encxigh, however, to indicate that 
the stated tolerances were satisfactory and that the wing and tall sxirfaces 
were operating at very nearly zero lift- 


Rocket -Motor Performance 


The rocket motors used in -fche "Tin-Can" models are new and as yet 
relatively un-fcrled. Infonnation was desired, -fcherefore, as to the 
quality and consistency of perfoimance of -these motors In order -bo allow 
more surety in estimations to be made of acceleration or mflY-r-imnn -velocl-ty 
in planning any future f li^-bs . 


Sufficient data were not obtelned dxiring -the fii*st 2 or 3 seconds of 
flight to pezault accurate evalua-ticfns of the rocketmo-tor perf oimance . A 
s-tudy was made, however, of -the motor performance in -berms of maximum 
velocity reached by each model and -these da-ta are presen-bed in table I and 
figure 10. ¥i-th -the assumption of zero drag, 72.42 pounds of propellant, 
and a cons-tant -thrust of 4633 poxmds for 3-0 seconds (to-tal Impulse 
of l4,500 lb -sec) one obtains -the following i*elation be-tween maximum 
velocity V and average -wei^t W : 


Thrust 


467,000 

¥ 


ihe eaperimental values shown in figure 10 scatter about a curve defined 
by; 


V « ^43,000 

w 


The difference be-twerai -these "two curves is of "the order of magni-tude 
usually experienced and is due to -the following factors : 

(a) Finite drag of model 

(b) Variations in propellant wel^t 

(c) Fini-te time required for build-up and decrease of thrust at 

beginning and end of burning 

(d) Inconsistency in rocket-motor perfoimance, due -to bo-Oi 

propellant and nozzle construction. 
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% The fact that the total difference "between the two cturres is of a nomal 

order of magnitude and that the scatter is in the direction indicated 
"by items (a) and ("b) above (see table I and fig. 10) Indicates that 
little inconsistency existed in the performance of the six rocket motors 
used. 


Structures 

The structural Integrity of the models for -f 1 1 near zero lift 

was evidenced by the absence of structural failure during the flints. 


CONCJLTIDING EBlftHKS 


Successful flints of six "Tin-Can" models of the MX-SOO indicated 
these models to be stable longitudinally and directional 1 y with the take- 
off center of gravity at 0.7*» mean e^rodynamic chord and with a tall 
having 71 percent of the wing area and lOlt- percent of the wing aspect 
ratio. That the models were stmcturally sound for fli^t near zero lift 
was evidenced by the absence of failures during the flints. Drag data 
obtained in the tests agreed reasonably well with estimates based on 
osperlmentaJL data from KACA EM-2 rocket -powered drag iresearch models. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, "7a. 

Paul E. Purser 
Aeronautical Engineer 

David G. S 

Aeronautlceil Engineer 
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^rfel^t at burnout computed from launching wei^t minus sum of propellant welgjit and. igniter 
weight# assuming that propellant restrictor and steel igniter rod remain in rocket after 
burnout . 
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f'Jpse mates 


h 

inches 
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inches 

0 

0 

ZZ5 

0.92 

425 

1.72 

625 

2.46 

a25 

524 

I02S 

5.96 

1225 

462 

1425 

5.20 

1625 

5.10 

1625 

6.06 

2025 

6.56 

2225 

6t4d 


lo p, view 


Dimensions measu red on models, inches 


Model 

L 


Ly^ 



3. 

/-3 ^ 

h‘4 

1-3 

^4-4 

1 

5-7 

%-9 

( 

5-7 

V, 

Tail 

Z 

99.14 

7470 

5600 

12.23 

6 50 

6.50 

5658 

5658 

1432 

14.92 

5/50 

5/50 

12.54 

12-54 

1 

Z 

99.26 

M84 

5600 

11.50 

643 

6.49 

56.27 

5623 

14.90 

1491 

2786 

2781 

}0.63 

10.66 

4 

4 

9926 

7484 

5805 

12.50 

6.50 

6.50 

5655 

3tx44 

1492 

1495 

5/50 

5/22 

12.56 

/2.34 

/ 

5 

9951 

7487 

56.05 

12.23 

6.46 

647 

3641 

36.45 

i4 86 

1432 

59.4/ 

5345 

12.56 

/2.56 

2 

6 

99.50 

74.86 

56.06 

H.55 

6.50 

6.50 

3654 

3656 

1490 

143/ 

5500 

3505 

10.65 

7065 

5 

3 

99.28 

7494 

5S.05 

11.47 

6.50 

650 

56.53 

56.41 

14.9/ 

1490 

27 3/ 

2305 

10.66 

10.64 
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Figure I rDraw/ng of MX~ 300 ‘TtrhCan^ mode/. 



Rear view 


)■ 
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Figure Z .-Construction drawings for wings and tails 
of MX-800 "Tin-Can models. 
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(b) 


Wing -body juncture. 



(c) Tail -body juncture. 

Figure 3.- Detail photographs of parts of the lAX-800 “Tin-Can” 

rocket -powered models. 
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~rhn/st^ kih-pouncfs 



Tfme^ seconds 

Figure S,- Static thrust record for Ml-dOO ‘'T/n-Fon rocket, 
Allegany Ballistics Laboraiorg Record A/o, 0“29IB. Powder 
weight = 72^2 lb. Total impulse - H]500 Ih-sec. 
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LANGLEY MEMORIAL AERONAUTICAL LABORATORY LANGLEY FiELO VA 



Figure y A/euita] points deierm ined in low -speed 
iuntie! tests of -scale models of the A1X-800 
"T/n-C an" models, lest Fsyr>o/ds r}ambeK appt'OjO mate/y 
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(a) Side view. 

Figure 8,- Launching of MX -800 “Tin-Can” models. 
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(b) Three-quarter rear view. 
CONFIDENTIAL Figure 8,- Concluded, 
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Mode} 6 


Models 3 and 8 


F/gure 9 - Drcfg coeff/cieni -Mach numhe/' data for ihe MX-800 
'T/n-CarF- roch ei- povfered rrtode/s. 




McTKi mvm vefoc'iii^y 



Mode/ 



Figure fO rypr/otion of mPiD mum vdoc/fy Y//ih ctveraye vjeiyht 
for FiX-QOO’ Tin -Con rochet mode/s, Fiodeh Z^S^andC ha\/e 
fov/er rai/o of propel/or)i Y/ei^hh to dray ancf Node/ 5 ho s 
higher ratio of prope//ant Y/eight to dra^ thort do Nodeh ^ 
and 8. 
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